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GRAPHENE DEVICES WITH LOCAL DUAL 
GATES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation of U.S. patent 
application Ser. No. 12/986,342, filed on Jan. 7, 2011, the 
entire contents of which are incorporated herein by reference. 
This application is also a Continuation of U.S. patent appli 
cation Ser. No. 13/613,198, filed on Sep. 13, 2012, the entire 
contents of which are incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The present invention relates to semiconductor 
structures, and particularly to local dual gates graphene based 
devices and methods of manufacturing the same. 

BACKGROUND OF THE INVENTION 

0003. In a semiconductor material, band gap is an impor 
tant parameter, which to a large extent determines properties 
of the semiconductor material. The band gap is defined as the 
difference in energy between the top of the valence band and 
the bottom of the conduction band. This is the energy that is 
required to excite an electron from the valence band into the 
conduction band. Electrons in the conduction band have the 
ability to move through the material, thereby enabling con 
duction of electricity. 
0004 One type of semiconductor material, graphene, is of 
great interest for nanoscale electronics due to the much higher 
carrier mobility compared to Silicon. Graphene is a two 
dimensional planar sheet of carbon atoms arranged in a hex 
agonal benzene-ring structure. A free-standing graphene 
structure is theoretically stable only in a two-dimensional 
space, which implies that a planar graphene structure does not 
exist in a free State, being unstable with respect to formation 
of curved structures such as soot, fullerenes, and nanotubes. 
However, a two-dimensional graphene structure has been 
demonstrated on a Surface of a three-dimensional structure, 
for example, on the surface of a Silicon Dioxide (SiO). A 
typical graphene layer may comprise a single sheet or mul 
tiple sheets of carbon atoms, for example, between 1 sheet 
and 10 sheets. 
0005 Field-effect transistor (FET) is a dominant and 
important device in fabricating integrated circuits. FET may 
be used for amplifying, Switching, and detecting signals. In a 
FET device, the FET relies on an electric field to control the 
carrier density and hence the conductivity of a channel of one 
type of charge carrier. It is known that graphene has been used 
in forming a FET. Unfortunately, despite its high carrier 
mobility, graphene has a Zero band gap, which leads to a very 
poor FET leakage current. One solution to this problem has 
been to use bi-layer graphene with both the top gate and the 
substrate to thereby open the band gap of the material. How 
ever, the Substrate structure makes large-scale complemen 
tary-metal-oxide-semiconductor (CMOS) transistor imprac 
tical due to the lack of threshold voltage (Vt) control of an 
individual device. 

SUMMARY OF THE INVENTION 

0006. The present invention relates to semiconductor 
structures, and particularly to local dual gates graphene based 
devices and methods of manufacturing the same. More spe 
cifically, the present invention provide techniques for forming 
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a bilayer graphene layer device that includes a patterned top 
and bottom gates to bias different voltages on different 
devices on the same wafer to different band gap or threshold 
Voltage (Vt) depending on the device and/or circuit require 
ment. 

0007 For example, in a first aspect, a method of forming 
an electronic device comprises forming an insulator, embed 
ding a local first gate in the insulator with a top surface of the 
first gate being Substantially coplanar with a surface of the 
insulator, depositing a first dielectric layer over the first gate 
and insulator, and forming a channel comprising a bilayer 
graphene layer formed on the first dielectric layer. The first 
dielectric layer provides a flat surface on which the channel is 
formed. The method further comprises depositing a second 
dielectric layer over the bilayer graphene layer and forming a 
local second gate over the second dielectric layer. Each of the 
local first and second gates is capacitively coupled to the 
channel of the bilayer graphene layer. The local first and 
second gates form a first pair of gates to locally control a first 
portion of the bilayer graphene layer. 
0008. The method may further comprise forming a local 
third gate embedded in the insulator with a top surface of the 
third gate being Substantially coplanar with a surface of the 
insulator and forming a local fourth gate over the second 
dielectric layer. Each of the local third and fourth gates is 
capacitively coupled to the channel of the bilayer graphene 
layer. The local third and fourthgates form at least a second 
pair of gates to locally control at least a second portion of the 
bilayer graphene layer. The at least second pair of gates oper 
ates as gates of a second transistor. 
0009. In a second aspect of the invention, an electronic 
device comprises an insulator, a local first gate embedded in 
the insulator with a top surface of the first gate being Substan 
tially coplanar with a surface of the insulator, a first dielectric 
layer formed over the first gate and insulator, and a channel 
comprising a bilayer graphene layer formed on the first 
dielectric layer. The first dielectric layer provides a substan 
tially flat surface on which the channel is formed. The device 
further comprises a second dielectric layer formed over the 
bilayer graphene layer and a local second gate formed over 
the second dielectric layer. Each of the local first and second 
gates is capacitively coupled to the channel of the bilayer 
graphene layer. The local first and second gates form a first 
pair of gates to locally control a first portion of the bilayer 
graphene layer. 
0010. In a third aspect of the invention, an integrated cir 
cuit includes at least one dual gate graphene layer device 
circuit. The at least one device circuit comprises an insulator, 
a local first gate embedded in the insulator with a top surface 
of the first gate being Substantially coplanar with a Surface of 
the insulator, a first dielectric layer formed over the first gate 
and insulator, and a channel comprising a bilayer graphene 
layer formed on the first dielectric layer. The first dielectric 
layer provides a substantially flat surface on which the chan 
nel is formed. The device further comprises a second dielec 
tric layer formed over the bilayer graphene layer and a local 
second gate formed over the second dielectric layer. Each of 
the local first and second gates is capacitively coupled to the 
channel of the bilayer graphene layer. The local first and 
second gates form a first pair of gates to locally control a first 
portion of the bilayer graphene layer. 
0011 Advantageously, the above-described structure and 
techniques utilize the advantageous properties of graphene. 
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0012. These and other objects, features, and advantages of 
the present invention will become apparent from the follow 
ing detailed description of illustrative embodiments thereof, 
which is to be read in connection with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 shows an electronic device in accordance 
with an illustrative embodiment of the present invention. 
0014 FIG. 2 shows a first top-down view of an electronic 
device in accordance with an illustrative embodiment of the 
present invention. 
0015 FIG. 3 shows a second top-down view of an elec 
tronic device in accordance with an illustrative embodiment 
of the present invention. 
0016 FIG. 4 shows a third top-down view of an electronic 
device in accordance with an illustrative embodiment of the 
present invention. 
0017 FIG. 5 shows a fourth top-down view of an elec 
tronic device in accordance with an illustrative embodiment 
of the present invention. 
0018 FIG. 6 shows a fifth top-down view of an electronic 
device in accordance with an illustrative embodiment of the 
present invention. 
0019 FIG. 7 shows a sixth top-down view of an electronic 
device in accordance with an illustrative embodiment of the 
present invention. 
0020 FIG. 8 shows a seventh top-down view of an elec 
tronic device in accordance with an illustrative embodiment 
of the present invention. 
0021 FIG. 9 shows an eighth top-down view of an elec 
tronic device in accordance with an illustrative embodiment 
of the present invention. 
0022 FIG. 10 shows a ninth top-down view of an elec 
tronic device in accordance with an illustrative embodiment 
of the present invention. 
0023 FIG. 11 shows a tenth top-down view of an elec 
tronic device in accordance with an illustrative embodiment 
of the present invention. 
0024 FIG. 12 shows an eleventh top-down view of an 
electronic device in accordance with an illustrative embodi 
ment of the present invention. 
0025 FIG. 13 shows a twelfth top-down view of an elec 
tronic device in accordance with an illustrative embodiment 
of the present invention. 
0026 FIG. 14 shows a thirteenth top-down view of an 
electronic device in accordance with an illustrative embodi 
ment of the present invention. 
0027 FIG. 15 shows a fourteenth top-down view of an 
electronic device in accordance with an illustrative embodi 
ment of the present invention. 
0028 FIG.16 shows a fifteenth top-down view of an elec 
tronic device in accordance with an illustrative embodiment 
of the present invention. 
0029 FIG. 17 shows a sixteenth top-down view of an 
electronic device in accordance with an illustrative embodi 
ment of the present invention. 
0030 FIG. 18 shows a seventeenth top-down view of an 
electronic device in accordance with an illustrative embodi 
ment of the present invention. 
0031 FIG. 19 shows an eighteenth top-down view of an 
electronic device in accordance with an illustrative embodi 
ment of the present invention. 
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0032 FIG. 20 shows a nineteenth top-down view of an 
electronic device in accordance with an illustrative embodi 
ment of the present invention. 
0033 FIG. 21 shows an alternative electronic device in 
accordance with an illustrative embodiment of the present 
invention. 

0034 FIG.22 shows another alternative electronic device 
in accordance with an illustrative embodiment of the present 
invention. 

0035 FIG. 23 shows yet another alternative electronic 
device in accordance with an illustrative embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0036. The present invention relates to graphene based 
electronic device, such as a field-effect transistor (FET) and 
methods of manufacturing the same. Graphene's bilayer elec 
tronic band structure has led to an interest of creating tunable 
band gap bilayer electronic devices such as a FET. In manu 
facturing of electronic devices, typically a wafer can hold 
multiple devices. The electronic device discussed herein 
includes patterned top and bottom gates to bias different 
voltages on different devices on the same wafer to different 
band gap or threshold Voltage (Vt) depending on the device 
and/or circuit requirement. An advantage of using a patterned 
bottom gate is the ability to form CMOS logic devices and/or 
technologies with multiple device Vitofferings, which is com 
mon in today's semiconductor industry. For example, low Vt 
devices for high switching speed and high Vt devices for low 
power are usually provided on the same wafer. 
0037 Besides the lack of controllability of individual 
device Vt, non-patterned bottom gate means that a whole 
wafer shares the same bottom gate, which may lead to unre 
alistic high gate leakage from the bottom gate. In general, as 
the length of the gate electrode and the thickness of the gate 
oxide are decreased, an electronic device can be Switched at 
higher speed. However, decreases in the thickness of the gate 
oxide can result in larger amount of leakage current flow 
through the gate oxide, and an excessive amount of standby 
power may be dissipated. The leakage current varies expo 
nentially with the thickness of the gate oxide. This affects the 
circuit functionality. 
0038. To reduce the gate leakage problem, the top and 
bottom gates of the present invention are patterned. A band 
gap and a device threshold voltage (Vt) are determined by the 
biases from the bottom gate. With patterned bottom gate, each 
individual device on the same wafer can be independently 
tuned with different threshold voltage or band gap. For 
example, top and bottom gates of NFET (an electron conduc 
tion type device) and PFET (hole conduction type device) 
devices on the same wafer can have different biases. 

0039 FIG. 1 shows an exemplary tunable band gap elec 
tronic device 100, such as a FET device, in accordance with 
an illustrative embodiment of the present invention. The elec 
tronic device 100 includes a substrate 105 and an insulator 
110 overlaying the substrate 105. A local first gate 115 is 
embedded in the insulator 110 with a top surface of the local 
first gate 115 being substantially coplanar with a surface of 
the insulator 110. A first dielectric layer 120 overlies the first 
gate 115 and insulator 110. A channel 125 forms from a 
bilayer graphene layer 130, which in turn, is formed on the 
first dielectric layer 120 over the local first gate 115. The first 
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dielectric layer 120 that is over the first local gate 115 and the 
insulator 110 provides a flat surface on which the channel 125 
is formed. 

0040. A second dielectric layer 135 forms over the bilayer 
graphene layer 130. A local second gate 140 forms over the 
second dielectric layer 135. Each of the local first and second 
gates 115, 140 is capacitively coupled to the channel of the 
bilayer graphene layer 130. The electronic device 100 further 
includes source/drain regions 150 that are connected by the 
channel 125. The first and second gates 115, 140 regulate 
electron flow through the channel 125. Although FIG. 1 illus 
trates three transistors 175, 180,185 being manufactured on a 
single electronic device 100 on a single wafer, it should be 
understood that there may be more or fewer than three tran 
sistors. It should be further understood that other electronic 
devices may be manufactured on the electronic device 100 
besides transistors. 

0041 FIGS. 2-20 illustrate various fabrication steps that 
are employed in the present invention in fabricating the elec 
tronic device 100. As will be described herein, there are three 
transistors 175, 180, 185 on the electronic device 100. The 
first transistor 175 is an N-poly type transistor and the second 
and third transistors 180, 185 are p-type poly transistors. 
Referring to FIG. 2, a substrate 105 is provided. The substrate 
105 is comprised of any material, which can be, but is not 
limited to silicon (Si). An oxide layer/insulator 110, for 
example, silicon dioxide (SiO), is formed on top of the 
substrate 105 using an oxidation process. The oxidation pro 
cess involves heating the substrate 105, for example Si Sub 
strate to approximately 900 degrees Celsius to approximately 
1200 degrees Celsius in atmosphere containing oxygen or 
water vapor. The oxygen or water diffuses to the substrate 105 
Surface and oxidation reaction occurs to formathermal oxide 
layer with a thickness in the range between approximately 
three hundred (300) nanometer (nm) to one 1 micrometer 
(um). The oxide layer 110 serves as an insulator into which a 
plurality of bottom gates 196 are formed as shown in FIG. 3. 
Although FIG. 3 shows three bottom gates 196, it should be 
understood that there may be fewer or more than three bottom 
gates on the device 100 that is on single wafer. The plurality 
of bottom gates 196 includes a first gate 115. 
0042. Following formation of the oxide layer 110 on the 
substrate 105, the device 100 is subjected to lithography. 
Lithography is typically the transfer of a pattern to a photo 
sensitive material by selective exposure to a radiation Source 
Such as light. A photosensitive material is a material that 
experiences a change in its physical properties when exposed 
to a radiation source. By Selectively exposing a photosensi 
tive material to radiation (e.g. by masking some of the radia 
tion) the pattern of the radiation on the material is transferred 
to the material exposed, as the property of the exposed and 
unexposed regions differs. 
0043. The lithography process includes applying a photo 
resist 190 to the oxide layer 110 (as shown in FIG. 3), expos 
ing the photoresist 190 to a pattern of radiation, and develop 
ing the pattern into the photoresist 190 using a conventional 
resist developer) and dry etching Such as reactive-ion etching 
(as shown in FIG. 4 by the arrows), ion beam etching, plasma 
etching or laser ablation. The etching step may include a 
single etching process or multiple etching processes to pro 
vide the structure with at least one of the bottom gates 196 
having depth of approximately 20 nm to approximately 300 
nm as shown in FIG. 4 (labeled as “D’). After etching, the 
photoresist is removed from the structure utilizing a conven 
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tional stripping process well known to those skilled in the art 
as shown in FIG.5. A trench length (labeled as “L”) formed in 
at least one of the bottom gates 196 is approximately one (1) 
nm to approximately one (1) um. 
0044. A film of polycrystalline silicon or polysilicon 195 
(also known as poly-Si or poly) is formed over the insulator 
layer 110 including the bottom gates 196 as shown in FIG. 6. 
The film of polycrystalline silicon 195 has a thickness of 
approximately two hundred (200) nm to approximately seven 
hundred (700) nm. The polysilicon 195 is then subjected to 
chemical mechanical polishing (CMP) to produce a device 
with a structure as shown in FIG. 7. CMP is a process that is 
used for the planarization of semiconductor wafers. CMP 
takes advantages of the synergetic effect of both physical and 
chemical forces for polishing of wafers. This is done by 
applying a load force to the back of a wafer while it rests on 
a pad. Both the pad and wafer are then counter rotated while 
slurry containing both abrasives and reactive chemicals is 
passed underneath. 
0045. Following the CMP process, the device structure 
100 is subjected to conventional lithography including apply 
ing a photoresist 190 on top of the oxide layer but exposing 
the second and third transistors 180, 185 ion implantation, 
specifically p-type poly ion implantation. The lithography 
process includes exposing the photoresist 190 to a pattern of 
radiation and developing the pattern into the photoresist using 
a conventional resist developer. The device 100 is then sub 
jected to dry etching such as reactive-ion etching, ion beam 
etching, plasma-etching or laser ablation. The etching step 
may include a single etching process or multiple etching 
processes to provide the structure illustrated in FIG.8. 
0046. After etching, the device 100 is subjected to ion 
implantation to form source and drain regions 150 as shown 
in FIG. 9. An ion implantation process is performed to 
implant electrical dopants into the exposed portions of the 
bottom gates 196, that is, the portions that are not covered by 
the photoresist 190. More specifically, the local bottom gates 
155, 165 of the second and third transistors 180,185, respec 
tively are doped with a p-type poly. However, the dopantion 
can either bean n-type or p-type dopant. In one embodiment, 
boron (B) or boron difluoride (BF) implantation at a dose of 
from approximately 1 E14 atoms/cm to approximately 5E15 
atoms/cm is carried out at energy levels from approximately 
five (5) Kiloelectron-Volt (KeV) to approximately ten (10) 
KeV for the local bottom gates 155, 165 of the second and 
third transistors 180, 185, respectively. Other dopants may 
include Aluminum (Al), Gallium (Ga), Indium (In), Phospho 
rus (P), Argon (Ar), Antimony (Sb), and a combination 
thereof. The angle, dose, and the energy of the ion implanta 
tion may be selected to provide high conductivity to the 
Source and drain regions 150 to minimize the Source and drain 
resistance of the transistor to be formed. The photoresist is 
then removed utilizing a conventional stripping process well 
known to those skilled in the art to provide the structure as 
illustrated in FIG. 10. 

0047. The next step is to create an n-type poly in the first 
transistor 175. In order to create the first transistor 175 with 
the n-type poly, the device 100 is subjected to lithography. 
The process includes applying another photoresist 190 over 
the oxide layer 110 and the local third and fifth 155, 165 but 
exposing the local first gate 115 as shown in FIG. 11. The 
lithography process further includes exposing the photoresist 
190 to a pattern of radiation, and developing the pattern into 
the photoresist 190 using a conventional resist developer and 
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dry etching Such as reactive-ion etching, ion beam etching, 
plasma-etching or laser ablation. The etching step may 
include a single etching process or multiple etching processes 
to provide the structure with at least one of the bottom gates 
196 having depth of approximately 100 nm. After etching, the 
device 100 is subjected to ion implantation as shown in FIG. 
12. In one embodiment, an n-type material Such as phospho 
rus (P) or arsenic (As) is implanted to the local first bottom 
gate 115 of the first transistor 175. The photoresist 190 is then 
removed utilizing a conventional Stripping process well 
known to those skilled in the art to provide the structure as 
illustrated in FIG. 13. 
0048. Following the implantation step, the device 100 is 
subjected to a rapid thermal anneal (RTA) process at, for 
example, approximately one thousand (1,000) degrees Cel 
sius for about five (5) seconds, which serves to diffuse the 
dopant ions. For example, the activation annealing step is 
performed in an inert atmosphere Such as helium (He), argon 
(Ar) or a mixture thereof at a temperature of about seven 
hundred (700) degrees Celsius or higher for a time period of 
approximately one (1) minute or greater. As shown in FIG. 13. 
the local first bottom gate 115 is an n-type poly gate and the 
local bottom gates 155, 165 are p-type poly gates. 
0049. Following ion implantation a first dielectric layer 
120 is deposited over the oxide layer 110 and portions of the 
bottom gate region 196 as shown in FIG. 14. The first dielec 
tric layer 120 may comprise a high-k dielectric material Such 
as Hafnium Oxide (HFO), Zirconium Oxide (ZrO2), Alumi 
num Oxide (Al2O), Titanium Dioxide (TiO), Lanthanum 
Oxide (LaO), Strontium Titanate (SrTiO), Lanthanum 
Aluminate (LaAlO4), hafnium silicates (HISi.O.), barium 
strontium-titanates (BSTs) or lead-zirconate-titanates 
(PZTs). The gate dielectric materials may be formed by 
atomic layer deposition (ALD), thermal or plasma Oxidation, 
thermal or plasma nitridation, chemical vapor deposition 
(CVD), and/or physical vapor deposition (PVD). The total 
thickness of the dielectric layer 120 is in the range from 
approximately 0.5 nm to approximately 30 nm. Alternately, 
the dielectric layer 120 may comprise a conventional gate 
dielectric, such as silicon oxide or silicon nitride, that is 
deposited by chemical vapor deposition to similar thick 
nesses. A bilayer graphene layer 130 is then formed over the 
dielectric layer 120. 
0050. The bilayer graphene layer 130 may be grown by 
Solid state graphitization. Carbon atoms are Sublimated dur 
ing the graphitization process from the silicon carbide Sur 
faces to form the bilayer graphene layer 130. Other well 
known processes of forming the bilayer graphene layer 130 
may also be utilized to those skilled in the art. 
0051. A second dielectric layer 135 is formed over the 
bilayer graphene layer 130. The second dielectric layer 135 
may comprise a high-k dielectric material Such as HFO, 
ZrO, Al-O, TiO, La O, SrTiO, LaAlO, hafnium sili 
cates, barium-strontium-titanates (BSTs) or lead-zirconate 
titanates (PZTs). The gate dielectric materials may beformed 
by atomic layer deposition (ALD), thermal or plasma Oxida 
tion, thermal or plasma nitridation, chemical vapor deposi 
tion (CVD), and/or physical vapor deposition (PVD). The 
total thickness of the second dielectric layer 135 is in the 
range from approximately 0.5 nm to approximately 30 nm. 
Alternately, the second dielectric layer 135 may comprise a 
conventional gate dielectric, such as silicon oxide or silicon 
nitride, that is deposited by chemical vapor deposition to 
similar thicknesses. 
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0.052 Following formation of the second dielectric layer 
135 as shown in FIG. 15, the device 100 is subjected to 
photolithography and etches to pattern the top local gates 140, 
160, 170 as shown in FIG. 16. The photolithography process 
includes lift-off to pattern the top local gates 135, 160, 170. 
0053 A photoresist layer 190 is then deposited to cover 
the local second top gate 140 and expose the local fourth and 
sixth gates 160, 170. An ion implantation process is per 
formed to dope the local fourth and sixth gates 160, 170, for 
example, with a p-type poly as shown in FIG. 17. However, 
the dopant ion can either bean n-type or p-type dopant. The 
photoresist layer 190 is then removed utilizing a conventional 
stripping process well known to those skilled in the art. 
0054 The next step is to create an n-type poly in the first 
transistor 175. In order to create the first transistor 175 with 
the n-type poly, the device 100 is subjected to lithography. 
The process includes applying another photoresist 190 cov 
ering the local fourth and sixth gates 160, 170 while exposing 
the local second gate 140 as shown in FIG. 18. The lithogra 
phy process further includes exposing the photoresist 190 to 
a pattern of radiation, and developing the pattern into the 
photoresist 190 using a conventional resist developer and dry 
etching Such as reactive-ion etching, ion beam etching, 
plasma-etching or laser ablation. The etching step may 
include a single etching process or multiple etching processes 
to provide the structure with at least one of the top gates 197 
having depth of approximately 100 nm. After etching, the 
device 100 is subjected to ion implantation. In one embodi 
ment, an n-type material such as phosphorus (P) or arsenic 
(As) is implanted to the local second top gate 140 of the first 
transistor 175. The photoresist is then removed utilizing a 
conventional stripping process well known to those skilled in 
the art to provide the structure as illustrated in FIG. 19. 
0055. After the formation of the source and drain regions 
150, contacts 145 are formed for each source/drain region 150 
as shown in FIG. 20. FIG. 20 also shows that there are three 
transistors 175, 180,185 on the electronic device 100, which 
is on a single wafer. The local first and second gates 115,140 
forms a first pair of gates to locally controla first portion of the 
bilayer graphene layer 130. The first pair of gates operates as 
gates of the first transistor 175. 
0056. The local third and fourth gates 155, 160 form a 
second pair of gates to locally control a second portion of the 
bilayer graphene layer 130. The second pair of gates operates 
as gates of the second transistor 180. 
0057 The local fifth and sixth gates 165, 170 form a third 
pair of gates to locally control a third portion of the bilayer 
graphene layer 130. The third pair of gates operates as gates of 
the third transistor 185. 
0.058 Each pair of gates have patterned top and bottom 
gates to bias different voltages on different transistors 175, 
180, 185 on the same device 100 to different band gap or 
threshold Voltage depending on the device and/or circuit 
requirement. The band gap and device threshold Voltage are 
determined by the biases from the bottom gate. With pat 
terned bottom gate, each individual transistor 175, 180, 185 
on the same device 100 can be independently tuned with 
different threshold voltage or band gap. 
0059 FIG. 21 illustrates another embodiment of a device 
200. Device 200 is similar to device 100 with the exception 
that all the gates are doped with n-type or p-type dopants. For 
example, all of the local gates 215,240,255,260,265,270 are 
n-type dopants. Alternatively, all of the local gates 215, 240, 
255, 260,265, 270 are p-type dopants. As a result of all the 
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gates being similarly doped, the three transistors 275, 280, 
285 are of the same type. Unlike device 100 where the Vt is 
partially controlled by the gate bias conditions and partially 
controlled by the gate work functions (e.g., doping), the Vt of 
device 200 is completely controlled by the gate bias condi 
tions. 
0060 FIG. 22 illustrates another embodiment of a device 
300. Device 300 is similar to device 100 with the exception 
that all of the local gates 315, 340, 355, 360, 365, 370 are 
single type metal. For example, the local gates 315,340,355, 
360, 365, 370 are made of for example, aluminum or tung 
Sten material. As such, the ion implantation steps are skipped 
to manufacture device 300. 
0061 FIG. 23 illustrates another embodiment of a device 
400. Device 400 is similar to device 300 with the exception 
that there are two types of metal as gates. For example, a first 
pair of gates 405 operates as gates to control an n-type field 
effect transistor (FET). The first pair of gates 405 may have 
metal gates made of for example, aluminum. The second pair 
and third pair of gates 410, 415 may be another metal mate 
rial, for example, tungsten to create a p-type FET. 
0062. At least a portion of a dual gate graphene device 
circuit of the present invention may be implemented in an 
integrated circuit. Informing integrated circuits, a plurality of 
identical die is typically fabricated in a repeated pattern on a 
surface of a semiconductor wafer. Each die includes a device 
described herein, and may include other structures and/or 
circuits. The individual die are cut or diced from the wafer, 
then packaged as an integrated circuit. One skilled in the art 
would know how to dice wafers and package die to produce 
integrated circuits. Integrated circuits so manufactured are 
considered part of this invention. 
0063. It will be appreciated and should be understood that 
the exemplary embodiments of the invention described above 
can be implemented in a number of different fashions. Given 
the teachings of the invention provided herein, one of ordi 
nary skill in the related art will be able to contemplate other 
implementations of the invention. Indeed, although illustra 
tive embodiments of the present invention have been 
described herein with reference to the accompanying draw 
ings, it is to be understood that the invention is not limited to 
those precise embodiments, and that various other changes 
and modifications may be made by one skilled in the art 
without departing from the scope or spirit of the invention. 
What is claimed is: 
1. A method of forming an electronic device comprising: 
forming an insulator, 
embedding a local first gate in the insulator with a top 

Surface of the first gate being Substantially coplanar with 
a Surface of the insulator, 

depositing a first dielectric layer over the first gate and 
insulator; 

forming a channel comprising a bilayer graphene layer 
formed on the first dielectric layer, wherein the first 
dielectric layer provides a flat surface on which the 
channel is formed; 

depositing a second dielectric layer over the bilayer 
graphene layer, and 
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forming a local second gate over the second dielectric 
layer, each of the local first and second gates configured 
to be capacitively coupled to the channel of the bilayer 
graphene layer, 

wherein the local first and second gates form a first pair of 
gates to locally control a first portion of the bilayer 
graphene layer. 

2. The method of claim 1, wherein the first pair of gates 
operates as gates of a first transistor. 

3. The method of claim 2, further comprising: 
forming a local third gate embedded in the insulator with a 

top Surface of the third gate being Substantially coplanar 
with a surface of the insulator; and 

forming a local fourth gate over the second dielectric layer, 
each of the local third and fourth gates configured to be 
capacitively coupled to the channel of the bilayer 
graphene layer, 

wherein the local third and fourth gates form at least a 
second pair of gates to locally control at least a second 
portion of the bilayer graphene layer, and 

wherein the at least second pair of gates operates as gates of 
a second transistor. 

4. The method of claim3, wherein at least one of the local 
first, second, third and fourthgates comprises metal material. 

5. The method of claim3, wherein at least one of the local 
first, second, third and fourthgates having a channel length of 
about one (1) nm to about one (1) um. 

6. The method of claim3, wherein at least one of the local 
first, second, third and fourth gates comprises poly-silicon. 

7. The method of claim 3, wherein the first transistor hav 
ing a threshold voltage that is determined by the local first and 
Second gates. 

8. The method of claim 3, wherein the at least second 
transistor having a threshold voltage that is determined by the 
local third and fourth gates. 

9. The method of claim 3, wherein the local first gate and 
the local second gate comprise poly-silicon doped with a first 
dopant type and the local third gate and the local fourth gate 
comprise poly-silicon doped with a second dopant type dif 
ferent than the first dopant type. 

10. The method of claim3, wherein the local first gate and 
the local second gate comprise a first metal and the local third 
gate and the local fourth gate comprise a second metal differ 
ent than the first metal. 

11. The method of claim 3, further comprising patterning 
the local first, second, third and fourthgates, wherein the local 
first gate and the local third gate bias different voltages on the 
first and second transistors, respectively. 

12. The method of claim 1, wherein at least one of the first 
and second dielectric layers comprises one or more of alumi 
num oxide and hafnium oxide. 

13. The method of claim 1, wherein the insulator is a first 
material type and the first dielectric layer is a second material 
type different than the first material type. 

14. The method of claim 1, wherein the local first gate and 
the local second gate are formed of a same material type. 
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